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Abstract 
Bicyclists are among the most vulnerable of road users, with high fatal crash rates. Although 
visibility aids have been widely advocated to help prevent bicycle-vehicle conflicts, to date 
no study has investigated, among crash-involved cyclists, the kind of visibility aids they were 
using at the time of the crash. This study undertook a detailed investigation of visibility 
factors involved in bicyclist-motor-vehicle crashes. We surveyed 184 bicyclists 
(predominantly from Australia via internet cycling forums) who had been involved in motor 
vehicle collisions regarding the perceived cause of the collision, ambient weather and general 
visibility, as well as the clothing and bicycle lights used by the bicyclist. Over a third of the 
crashes occurred in low light levels (dawn, dusk or night-time), which is disproportionate 
given that only a small proportion of bicyclists typically ride at these times.  Importantly, 
19% of these bicyclists reported not using bicycle lights at the time of the crash, and only 
34% were wearing reflective clothing. Only two participants (of 184) nominated bicyclist 
visibility as the cause of the crash: 61% attributed the crash to driver inattention. These 
findings demonstrate that crash-involved bicyclists tend to under-rate and under-utilise 
visibility aids as a means of improving their safety. 
 
Keywords: bicyclists, visibility, crashes, reflective clothing 
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1. Introduction 
Bicycling as a mode of commuter transport has been widely promoted due to its 
health and environmental benefits (Dora, 1999; Morrison, Petticrew and Thomson, 2003; 
Pucher, Komanoff and Schimek, 1999). A recent meta-analysis showed that active 
commuting such as cycling can be associated with an 11% decrease in risk of cardiovascular 
disease (Hamer and Chida, 2008). However, despite the obvious benefits of bicycling as a 
mode of transport, bicyclists are consistently found to be among the most vulnerable road 
users, reporting among the largest proportion of near-miss crashes (Daley, Rissel and Lloyd, 
2007; Joshi, 2001; Rowe, Rowe and Bota, 1995), with a considerably higher likelihood of an 
injury in the event of a crash compared to car drivers (Watson and Cameron, 2006). 
Perceptions of bicyclist safety are believed to be the most important barrier to adopting 
bicycling as a form of transport or exercise (Daley, Rissel and Lloyd, 2007; Jacobsen, 
Racioppi and Rutter, 2009; Joshi, 2001) 
Conspicuity (defined as the tendency of an object to stand out from its background 
(Langham and Moberly, 2003)) has been shown to be an important factor in bicyclist crashes, 
with a high proportion of drivers reporting that they “looked-but-failed-to-see” the bicyclist 
prior to the collision (Herslund and Jorgensen, 2003; Kwan and Mapstone, 2004; Räsänen 
and Summala, 1998).  Cycling at night, in particular, has been reported to be two to five 
times more dangerous than cycling during the day (Jaermark, 1991), which suggests that the 
conspicuity of bicyclists in low illumination is particularly problematic. 
There are a variety of factors which can potentially affect the conspicuity of a road 
user, including visual clutter, the contrast and size of the target, and illumination conditions.  
Bicyclist conspicuity, like that of pedestrians, can be greatly improved through the use of 
visibility aids, such as reflectors or fluorescent clothing (Kwan and Mapstone, 2004; Wood, 
Tyrrell, Marszalek, Lacherez, Carberry and Chu, 2012), where a visibility aid can be broadly 
 4 
defined as one that increases the ability of an observer to see a target when they are aware of 
its location (Langham and Moberly, 2003). We demonstrated in night-time closed road 
driving studies, that the use of reflectors positioned on the ankles and knees (in addition to a 
reflective vest) was associated with a 5.9x increase in visibility distance relative to black 
clothing with no bicycle lights, which represents a considerable road safety benefit (Wood, 
Tyrrell, Marszalek, Lacherez, Carberry and Chu, 2012).  
Despite this, the use of visibility aids has been found to be remarkably low among 
bicyclists (Wood, Lacherez, Marszalek and King, 2009). Moreover, there is a surprising 
disconnect in terms of the perceptions of drivers and bicyclists regarding the importance of 
bicyclist visibility and the importance of visibility aids in enhancing the safety of bicyclists 
on the road (Wood, Lacherez, Marszalek and King, 2009).  Importantly, bicyclists believe 
themselves to be visible at more than twice the distance estimated by drivers (King, Wood, 
Lacherez and Marszalek, 2012; Wood, Lacherez, Marszalek and King, 2009), a finding 
which mirrors previous research on pedestrians (Tyrrell, Wood and Carberry, 2004) and 
bicyclists rate the importance of bicyclist visibility and the benefit of visibility aids 
significantly lower than do drivers (King, Wood, Lacherez and Marszalek, 2012).  
In a previous study by our group (Wood, Lacherez, Marszalek and King, 2009), 
nearly two-thirds of self-reported crashes were reported to be the result of the driver not 
seeing the bicyclist in time to avoid a collision. However, drivers were over four times more 
likely than were bicyclists to state that visibility was a causal factor in the incident. This 
suggests that bicyclists may be less aware of the importance of visibility in bicyclist-vehicle 
conflicts than are drivers. This raises the question whether the bicyclists involved in crashes 
involving motor vehicles were wearing any visibility aids at the time of the crash. To date no 
research studies have identified among crash-involved bicyclists, a description of the 
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visibility aids used at the time of the crash. Such data is likely to add to our understanding of 
the contribution of visibility factors to bicyclist crashes in general. 
Based on the previous findings, and the low rate of adoption of visibility aids among 
the cycling community (Wood, Lacherez, Marszalek and King, 2009), we were interested in 
describing the level of usage of visibility aids and the self-perceptions of visibility, among a 
cohort of bicyclists who had been involved in a collision with a vehicle. The purpose of this 
study was to investigate the circumstances involved in the collision, the bicyclist’s perception 
regarding the cause of bicycle-vehicle collisions (in terms of bicyclist visibility, driver 
inattention, or other factors), and the kind of clothing and bicycle light used by the bicyclist at 
the time of the collision.  
2. Method 
2.1. Participants 
Participants were 184 anonymous respondents recruited from bicycling forums on the 
internet, via primarily Australian websites, who had previously experienced a collision with a 
vehicle.  Advertisements were posted asking potential participants to complete a confidential 
survey describing a crash that they had experienced which involved a motor vehicle.  The 
majority of participants (133 or 72.3%) resided in Australia. Twenty-seven (14.7%) were 
from the United States, 13 (7.1%) from the United Kingdom, four (2.2%) from Canada, and 
seven (3.7%) from elsewhere (including Denmark, Germany, Japan, Finland, the 
Netherlands, and New Zealand). 
2.2. Measures 
Data were collected via a confidential web-based questionnaire. The questionnaire 
was designed to probe the characteristics of the bicyclist-vehicle collisions in terms of 
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visibility and lighting, and the type of clothing the respondents were wearing.  Demographic 
information included participant age and gender and how long and how often they had ridden 
a bicycle.  Respondents were asked to describe the nature of the crash in terms of: the kind of 
motor vehicle involved, the directions and heading of the driver and bicyclist, the crash 
location, weather and time of day.  Participants were also asked to indicate their attribution of 
the cause of the crash.  In order to assess the impact of bicyclist visibility, and the use of 
visibility aids, participants were also asked to describe what they were wearing at the time of 
the collision. 
A total of 237 individuals responded to the questionnaire, however sixteen responses 
were excluded as they were deemed not to involve a crash, but rather a near miss (in that the 
bicyclist did not make contact with the motor vehicle nor did they come off their bicycle).  A 
further 25 did not involve another vehicle, and 12 involved either another bicyclist or a 
pedestrian, and therefore were not of interest in this study, leaving a final sample of 184 
responses. 
3. Results 
The mean age of the sample was 41.35 ± 11.82 years1.  Participants had on average 
25.18 ± 15.69 years of cycling experience and cycled regularly (7.25 ± 8.23 trips per week).  
More than half (55.7%) of the respondents reported having previously been involved in a 
collision involving a motor vehicle (average 1.21 ± 1.79 previous collisions).  Table 1 shows 
the characteristics of the 184 crashes analysed.  In this sample, 71.7% of bicyclists reported 
an injury as a result of the accident, and 37% reported an injury requiring medical attention. 
As shown in Table 1, the largest number of conflicts involved medium sized cars, and 
typically involved the motor vehicle turning across the path of the bicyclist while travelling 
                                                          
1 Mean ± Standard Deviation. 
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alongside them in the same direction, resulting in a collision with the front of the bicycle and 
the front or side of the motor-vehicle.  The most common site for crashes was whilst 
travelling on a continuing road, along the curb side. Roundabouts and non-traffic light 
controlled intersections were the next most common sites of accidents for this sample.  
Table 2 shows the weather and visibility conditions, as well as the kinds of visibility 
aids (clothing or lights) used by the bicyclist at the time of the collision.  Twenty-nine percent 
of crashes occurred between dusk and dawn, which, based on previous research is likely to be 
a disproportionate representation, given the number of bicyclists on the road during these 
times (Rodgers, 1995; Thornley, Woodward, Langley, Ameratunga and Rodgers, 2008).  
Only a quarter of the participants indicated they were wearing some form of reflective 
clothing, and one fifth were wearing fluorescent clothing. Surprisingly, among those crashes 
which occurred between dusk and dawn, 19% of respondents indicated that they were not 
using bicycle lights at the time of the accident (4 at dusk, 5 at dawn, and 1 at night).  
There were no significant differences in terms of the use of visibility aids among 
those who had been previously involved in other motor vehicle collisions (in addition to the 
one they described in the questionnaire) and those not previously involved, Fisher’s exact p = 
0.189.  Nor did the number of previous collisions relate to the use of visibility aids, F(1,192) 
= 2.17, p = 0.142. 
Table 3 describes the visibility aids worn and perceptions of visibility for the whole 
sample, and separately for the 53 crashes which occurred in low light (dawn, dusk or night-
time).  Of these, only 18 (34%) bicyclists reported wearing reflective clothing.  Most wore a 
reflective vest, shoes with reflective strips, or a helmet with reflective strips.  Participants 
whose crashes occurred in low light were significantly more likely to be wearing some form 
of visibility aid than were those whose crashes occurred during the day, Fisher’s exact p = 
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0.049. The majority believed the motorist did not see them prior to the collision. In contrast 
the vast majority of bicyclists indicated that they saw the motorist prior to the crash. 
The majority of bicyclists nominated ‘Driver inattention’ as the principal cause of the 
accident, with a smaller percentage nominating ‘Driver disobeyed road rules’.  Only two 
participants out of the 184 (and none in the low light group) nominated ‘Bicyclist visibility’ 
as the cause of the accident and there were no significant differences in terms of the 
nominated cause between daytime and low-light conditions, Fisher’s exact p = 0.416. 
 
4. Discussion 
To our knowledge this is the first study to obtain, among a sample of bicyclists who 
had experienced a collision involving a motor vehicle, a description of the nature of the crash 
– in terms of the heading and location of the bicyclist and driver, and time of day – together 
with a description of the visibility aids used by the bicyclist. This is important as without this 
information it is impossible to directly ascribe the role that visibility, as well as the bicyclist’s 
understanding of their own visibility, play in determining crash likelihood in general. 
As in our previous work and that of others (Hunter, Pein and Stutts, 1995; Johnson, 
Charlton, Oxley and Newstead, 2010; Wood, Lacherez, Marszalek and King, 2009), we 
found that the most common crash configuration involved the motorist turning across the 
path of the bicyclist, and in this sample most collisions occurred while cycling straight ahead 
on a continuing road. Consistent with previous work (Rodgers, 1995), collisions also 
appeared to be over-represented at night.  A recent study found that while 56% of participants 
report ever riding at night, only 9% of their cycling time was in low light conditions 
(Thornley, Woodward, Langley, Ameratunga and Rodgers, 2008), while over a third of 
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collisions reported in our study occurred at night, suggesting that night-time is a particularly 
dangerous time for cycling.  Although it is likely that factors such as alcohol consumption 
(which tends to be increased at night) and fatigue may influence this finding, the clear 
difference between cycling at night and during the day is that of reduced illumination, and the 
consequent reduced visibility of low-contrast objects. This is supported by analyses of crash 
databases that demonstrate that the primary cause of increased crashes involving pedestrians 
at night is lower illumination rather than other factors that vary between day and night such 
as driver fatigue and alcohol consumption (Owens and Sivak, 1996; Sullivan and Flannagan, 
2002). 
The rate of injuries per bicyclist collision in this sample was very high, with 72% 
reporting an injury and 37% requiring medical attention, which is consistent with previous 
research (Kiburz, Jacobs, Reckling and Mason, 1986; Thornley, Woodward, Langley, 
Ameratunga and Rodgers, 2008). This vindicates regarding bicyclists as a very vulnerable 
population.  Of great concern in this study was the finding that considerable numbers of 
bicyclists (19%) do not use their bicycle lights under low light conditions.  Previous research 
has consistently found that bicycle lighting provides a strong safety benefit under low 
lighting conditions (Kwan and Mapstone, 2004), and even among our previous cohort, the 
overwhelming majority of bicyclists (95%) agreed that bicyclists should use lights in low-
lighting conditions (Wood, Lacherez, Marszalek and King, 2009).  The fact that a significant 
proportion of respondents in this survey did not make use of this simple device for increasing 
their on-road conspicuity suggests that the potential benefits of lights are not currently clear 
to all bicyclists, or that some bicyclists are willing to forego the benefits when cycling. 
Consistent with our previous work, the findings presented here suggest a low level of 
usage of visibility aids among the bicyclist population.  Of particular concern is the low level 
of adoption of reflective clothing in low light conditions which is an important safety benefit. 
 10 
In our previous research, we have clearly demonstrated that addition of strategic reflective 
markings upon the bicyclist’s person (for instance on the moveable joints) leads to very large 
increases in terms of visibility, with concomitant increases in recognition distance (Wood, 
Tyrrell, Marszalek, Lacherez, Carberry and Chu, 2012), which would confer a strong safety 
benefit in the kinds of circumstances described here.  Given the low usage of reflective 
clothing reported, together with the general tendency of our previous participants to under-
rate the usefulness of this form of visibility aid, it is clear that overall the message with regard 
to the utility of reflective clothing has not penetrated the cycling community, or that the 
message, even if received, is not being acted upon.  It is encouraging that a higher proportion 
of cyclists made use of visibility aids in low light than during the day, but nonetheless at a 
lower rate than would be considered ideal. 
The most surprising finding of this study is that only two participants nominated 
visibility as a contributing factor in their collision. Although it is entirely probable on an 
individual level that certain accidents may be more attributable to driver inattention, and less 
so to the actual visibility of the bicyclist, it would be remarkable if only two crashes out of 
184 were a result of poor bicyclist visibility, particularly since the majority of drivers who 
have been involved in accidents state that they ‘looked but failed to see’ the bicyclist 
(Herslund and Jorgensen, 2003; Wood, Lacherez, Marszalek and King, 2009).  This was true 
despite the fact that on the whole the bicyclists nominated that the driver did not see them 
prior to the crash.  It seems, however, that the bicyclists believe that this occurred as a result 
of the drivers not paying attention, rather than because the bicyclists themselves were less 
visible. It is important to note, in this context, that not all failures of detection are a direct 
result of low visibility.  Drivers may fail to look in the appropriate direction, or scan in an 
appropriate direction but fail to have their attention captured by the target. An important 
distinction in this context is that of conspicuity (the tendency of an object to be noticed in its 
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context) versus visibility (the tendency for observers to detect the object when they are aware 
of its location (Langham and Moberly, 2003)). Increasing the visibility of a target may not 
ensure its conspicuity. Thus we cannot be certain that all the accidents described in our study 
could have been prevented by the use of visibility aids, and this needs to be investigated in 
prospective cohort studies.  As with our previous work, this suggests a disconnect between 
the reality as perceived by bicyclists and that of drivers. It is likely that with effective public 
health promotion it would be possible to both inform bicyclists of the benefits of visibility 
aids and to educate drivers to pay better attention to bicyclists on the road. 
As with any questionnaire, there is a potential risk of bias in terms of the bicyclists 
who might opt to respond to a questionnaire potentially differing on certain personality 
characteristics (or indeed history of crashes or near-misses). The collection of anonymous 
responses via a website leaves open the possibility that some respondents may have 
submitted multiple responses, but examination of the data revealed no suspicious pattern of 
responding. The data presented here provide an initial exploration of the characteristics of 
cyclist-motor vehicle collisions.  In order to build a more comprehensive understanding of 
risk factors, a large-scale study of injury collisions would be required. 
In summary these findings add support to our previous observations that bicyclists 
generally under-rate the role of visibility factors in conflicts involving drivers and also tend 
not to use visibility aids during cycling.  The finding that this pattern is consistent among 
collision-involved bicyclists suggests that it is not a lack of exposure to bicyclist-motor-
vehicle conflicts which leads to these differences of opinion.  Rather, even bicyclists involved 
in conflicts with motor vehicles are likely to blame the motorist involved and unlikely to 
perceive their own visibility as a contributor to the crash.  The fact that this is the case for 
every collision reported here (except two which were attributed to be due to bicyclist 
visibility) suggests that this perception is likely a deeply rooted one.  This further suggests 
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that in order to help disseminate the advantages of visibility aids among this population, the 
issue of driver’s ability to see bicyclists in different kinds of environments needs to be 
strongly reinforced in information delivered to the cycling community.  Studies such as the 
present one, which address visibility as well as other causative factors in crashes involving 
bicyclists and other vulnerable road users, represent an important avenue for investigating the 
effectiveness of such targeted information.
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Table 1 
Characteristics of incidents reported by the cohort 
    Count Percent 
What type of motor vehicle was involved in the accident? Bus or coach 3 1.63% 
 Large (4 wheel drive or pick up) 36 19.57% 
 Medium car (sedan or station wagon) 115 62.50% 
 Small (e.g., 2-door) car 23 12.50% 
 Truck (more than 4 wheels) 7 3.80% 
Type & Characteristics Door opened onto passing bicyclist 10 5.43% 
 No contact - forced off road/into object 18 9.78% 
 Rear-ended 21 11.41% 
 Roundabout 15 8.15% 
 Sideswiped 15 8.15% 
 T-Boned 31 16.85% 
 Turn across path - different direction 29 15.76% 
 Turn across path - same direction 45 24.46% 
At the time of the accident, were you  Changing lanes 2 1.09% 
 Cycling along a continuing road 158 85.87% 
 Entering traffic 4 2.17% 
 Stationary 3 1.63% 
 Turning left 7 3.80% 
 Turning right 10 5.43% 
In what traffic situation did the accident occur? At a roundabout 20 10.87% 
 Bicycle lane 4 2.17% 
 Bicycle path 3 1.63% 
 Cycling on a continuing road in centre 
lane 
12 6.52% 
 Non-traffic light controlled intersection 31 16.85% 
 Other intersection 1 0.54% 
 T-intersection 2 1.09% 
 Traffic light controlled intersection 17 9.24% 
 While cycling on a continuing road 
(away from kerb) 
1 0.54% 
 While cycling on a continuing road 
(kerbside) 
93 50.54% 
Did you make physical contact with the other vehicle? 
 No 28 15.22% 
 Yes 156 84.78% 
If so, what part of the bicycle was struck Not applicable 26 14.13% 
 Front 85 46.20% 
 Rear 21 11.41% 
 Side 52 28.26% 
What part of the other vehicle was involved? Not applicable 24 13.04% 
 Front 64 34.78% 
 Rear 16 8.70% 
  Side 80 43.48% 
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Table 2 
Visibility conditions and use of visibility aids among the current sample  
    Count Percent 
At what time of day did the accident occur? Early afternoon 43 23.37% 
 Early morning (dawn) 24 13.04% 
 Evening/night 14 7.61% 
 Late afternoon (dusk) 15 8.15% 
 Mid-day 21 11.41% 
 Mid-morning 67 36.41% 
Please describe the weather conditions at the time of the 
accident 
Fine 160 87% 
 Light Snow, no traction or 
visibility impairment 
1 1% 
 Overcast 19 10% 
 Raining 3 2% 
 very light rain 1 1% 
Please describe the lighting conditions at the time of the 
accident 
Adequate 175 95% 
 Dazzled by headlights 1 1% 
 Poor (e.g., low light or poor 
available street lighting) 
8 4% 
Please describe the weather conditions at the time of the 
accident 
Fine 160 87% 
 Light Snow, no traction or 
visibility impairment 
1 1% 
 Overcast 19 10% 
 Raining 3 2% 
 Very light rain 1 1% 
Reflective No 137 74% 
  
Yes 
47 26% 
Fluorescent No 146 79% 
 Yes 38 21% 
Regular No 79 43% 
  Yes 105 57% 
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Table 3.  Visibility aids used and perceptions of visibility for all crashes, and for those in low light 
(dusk to dawn)  
    All crashes (N=184) Low light - dusk to dawn 
(N = 53) 
Kind of reflective clothing worn  Reflective shirt/vest 42 (59.15%) 13 (18.31%) 
 Shoes with reflective 
strips 
37 (52.11%) 12 (16.9%) 
 Helmet with reflective 
strips 
29 (40.85%) 8 (11.27%) 
 Reflective leg wear 16 (22.54%) 7 (9.86%) 
 Reflective wrist 
attachments 
4 (5.63%) 3 (4.23%) 
 Reflective backpack 3 (4.23%) 3 (4.23%) 
 Reflective gloves 1 (1.41%) 0 (0%) 
Did you notice the other vehicle 
prior to the accident? 
Yes 146 (79.35%) 43 (81.13%) 
 No 31 (16.85%) 9 (16.98%) 
 Uncertain 7 (3.8%) 1 (1.89%) 
To your knowledge did the other 
vehicle notice you prior to the 
accident? 
Yes 46 (25%) 11 (20.75%) 
 No 101 (54.89%) 35 (66.04%) 
 Uncertain 37 (20.11%) 7 (13.21%) 
To what do you attribute the 
cause of the accident? 
Bicyclist visibility 2 (1.09%) 0 (0%) 
 Another factor other 
than driver or bicyclist 
behaviour 
6 (3.26%) 3 (5.66%) 
 Driver inattention 113 (61.41%) 36 (67.92%) 
 Driver disobeyed road 
rules 
55 (29.89%) 12 (22.64%) 
 Bicyclist inattention 6 (3.26%) 1 (1.89%) 
  Motor vehicle visibility 2 (1.09%) 1 (1.89%) 
 
 
 
 
 
 
